SYNOPSIS
The case is presented of a 60 years old man who developed sudden right hemiplegia without other accompanying neurological signs and later a spastic hemiparesis. Neuropathological studies indicated an ischaemic lesion of the left medullary pyramid which was accompanied by hypertrophy of the left inferior olivary nucleus. An additional lesion, demyelination of the right gracile tract, is poorly explained. This case represents the second reported instance of pure motor hemiplegia due to a circumscribed lesion in the medullary pyramid and possibly an unique instance of olivary hypertrophy without obvious damage to the central tegmental tract, ipsilateral superior cerebellar peduncle, or contralateral dentate nucleus. The olivary hypertrophy is thought to have arisen from local damage to the termination of the central tegmental fibres at the left inferior olivary nucleus. The question of the development of spasticity in a pure pyramidal tract lesion is discussed. Fisher and Curry (1965) defined pure motor hemiplegia as a paralysis, complete or incomplete, of the face, arm, and leg on one side unaccompanied by sensory signs, visual field defect, dysphasia, or apractagnosia. In their cases that came to necropsy the syndrome resulted from infarction in the internal capsule or the basis pontis. They stated that it was doubtful that a pyramidal infarction would result in pure motor hemiplegia without other medullary signs. Chokroverty et al. (1975a) reported the first case of an infarction of the medullary pyramid in which hemiplegia was the only sign. We report another case of pure motor hemiplegia due to an ischaemic vascular lesion of the medullary pyramid.
CASE REPORT
A 60 years old man developed weakness of the right side of his body on 2 November 1973. The onset of weakness was sudden. There was no impairment of There was no previous history of transient ischaemic episodes. At the time of examination he was alert, oriented, and there was no mental impairment. The visual fields were intact; the pupils were equal and reacted to light and accommodation. The (Fig. I) showed myelin loss in the left pyramid extending to a small extent into the medial lemniscus. There was also some pallor in the myelin of the external arcuate fibres lateral to the left olive. The olive itself showed no alterations apart from the usual accumulation of lipofuscin within the neurones at this level. There was pronounced astrocytosis in the affected pyramid as well as a slight perivascular lymphoid cell infiltrate. Scattered lipid laden macrophages as well as some swollen axons were seen in the pyramid. The opposite pyramid was unremarkable.
In the mid-portion of the medulla at the level of the 12th cranial nerve nucleus ( Fig. 2) were apparent. In addition to the changes previously noted in the pyramid, there was pronounced hypertrophy of the left inferior olivary complex. The olivary neurones were generally swollen, pale, and contained numerous clear vacucles with only occasional cells appearing shrunken and pyknotic. Astrocytosis was also present. In some neurones the cytoplasm appeared to be refractile and what Nissl substance could be found was compressed into dark specks. The opposite olivary nucleus was normal in appearance as were the 12th nerve nuclei and other dorsal nuclear masses.
A section of the caudal medulla ( Fig. 3) revealed, in addition to the previously observed changes of the pyramid and olive, that the right gracile tract had lost substantial amounts of myelin. Neurones in this region were preserved but there were numerous spheroids, mineralized concretions, and astrocytosis. With the exception of the myelin loss these same changes were seen in the opposite gracile tract and nucleus. The cuneate nucleus showed similar dystrophic changes. There was no inflammatory or phagocytic activity in the right gracile tract and nucleus.
Histological examination of the cerebellum including the dentate nuclei revealed no changes apart from hypoxic alterations which were interpreted as agonal.
The outstanding neuropathological findings in this patient which deserve comment are: degenerative 
DISCUSSION
The clinical features in our patient are consistent with the definition of pure motor hemiplegia as described by Fisher and Curry (1965) and similar to such a case as reported by Chokroverty et al. (1975a,b) . A review of the blood supply to the medulla oblongata is necessary to appreciate the possible pathogenesis of the pyramidal and olivary lesions.
The first comprehensive work on the blood supply of the brain stem is the work of Stopford (1916a,b,c) . Later investigations on the subject added only slightly to his observations (Foix and Hillemand, 1925; Krayenbiuhl and Yasargil, 1957) . From a review of Stopford's work and examination of several specimens of our own, it is apparent that the blood supply of the medulla is complex and variable. Figure 4 illustrates the blood supply of the ventral medulla. As Foix and Hillemand (1925) PYRAMIDAL LESION A discrete lesion as described above is unusual but has been described in one recent report (Chokroverty et al., 1 975a ) and in at least two previous reports in the older literature. One of these was probably of atherosclerotic origin in which the lower medulla at the level of the pyramidal decussation was affected by a discrete lesion (Stopford, 1916c) , and another in which syphilitic vasculitis most probably resulted in ischaemia of the pyramid and adjacent structures, much as in our case except that there is no suggestion of syphilis in the present patient (Lhermitte and Trelles, 1933) . In this latter case, the pyramidal lesion was accompanied by olivary hypertrophy. We surmise that some impairment of circulation to the left pyramid of our patient occurred in 1973 (Beck and Chambers, 1970; Gilman and Marco, 1971) . In the few studies involving man, most notably the report of Bucy et al. (1964) where the pyramidal tract was interrupted at the level of the cerebral peduncle, after a period of recovery the patient moved quite well with no important signs of hypertonia with the possible exception of Babinski's sign in the affected lower extremity. It appears then that pure lesions of the pyramidal tract do not produce a spastic type of paralysis in man or in the monkey. The present case must be somewhat ofa rarity in this respect as a ratherpure lesion seems to be present in the medullary pyramid and yet the patient suffered many of the accepted signs (Landau, 1969 ) of a hypertonic paralysis. A re-examination of the other reports of similar discrete lesions in the medulla in man (Chokroverty and Rubino, 1 975a, b) indicates that in these cases the patients' affected extremities were more hypotonic than hypertonic, though some slight increase in tonicity and a Babinski's sign was observed. Admittedly, a detailed clinical observation was not available on our patient, but from the records available to us many of the criteria for spasticity were met.
Why then in the face of other human material of a similar type where hypotonicity or the lack of hypertonic signs were noted does our case exhibit signs of spasticity? Several possibilities exist, but a complete exploration of them, the neuroanatomical and neurophysiological controversies which are involved in the question of the mechanism for spasticity, and the anatomy of the pyramidal tract and its function are beyond the scope of this paper.
Briefly, however, it is possible that anatomical variations played a part in the development of symptoms in this man as it is known that considerable variations exist in the anatomy of the pyramidal tract in man (Nyberg-Hansen and Rinvik, 1963) . It could be that most of this man's motor connections with the spinal cord were interrupted by the lesion, with virtually no contribution from the opposite pyramidal tract existing. This lesion is quite distinct but there is some extension into the medial leminiscus not to mention the obvious involvement of the inferior olive on the left side and the myelin loss in the gracile tract on the right side (which is poorly explained). It is possible that these lesions might further contribute to the already heavily deafferented motor horn, thus releasing it to local influences which are said to be the basis for spasticity in instances such as spinal cord injury where more than simple motor interruption occurs (Bucy et al., 1964; Dimitrijevic and Nathan, 1967; Landau, 1969; Gilman and Marco, 1971 ). This hypothesis is further strengthened by the recent report of Chokroverty (Chokroverty and Rubino, 1975b ) that in such discrete pyramidal lesions as our case there may be subtle sensory dysfunction as well.
OLIVARY LESION The subject of olivary hypertrophy has been studied for many years with several reports antedating the turn of the century. These older references can be found in a recent article (Horoupian and Wisniewski, 1971) . Since that time several reports have dealt with the phenomenon itself and in relation to palatal myoclonus which sometimes occurs with olivary hypertrophy (Marie and Foix, 1913; Lhermitte and Trelles, 1933; Davison et al., 1936; Gautier and Blackwood, 1961; Aberfeld, 1966; Lapresle and BenHamida, 1970; Sohn and Levine, 1971) . From these accounts it is apparent that olivary hypertrophy can occur when there are interruptions of the ipsilateral central tegmental tract, or when this tract is intact but when the contralateral dentate nucleus in the cerebellum has been destroyed or its fibres interrupted. Lesions of the superior cerebellar peduncle can similarly produce the lesion on the ipsilateral olive (Vuia and Rothemund, 1971 ). It appears that this unusual reaction on the part of the olive results from significant deafferentation at some distance from it or by lesions in its immediate vicinity (Aberfeld, 1966) . Interruption of efferent olivary fibres is not known to produce hypertrophy but induces atrophy (Aberfeld, 1966; Sohn and Levine, 1971) .
The anatomical connections of the inferior olivary nuclei in man are based on relatively few studies with most data having been extrapolated from studies in cat and to a lesser extent from monkey and other animals. In this system such animal studies probably have only limited relevance to man (Scheibel and Scheibel, 1955) , as pathways demonstrated by many workers in cats projecting to the olives have not been substantiated in man (Verhaart and Voogd, 1962; Lapresle and BenHamida, 1970) .
The inferior olive in man probably receives input from a number of sources both above and below it, but the major contribution comes from the contralateral dentate nucleus of the cerebellum passing into the brain stem by way of the brachium conjunctivum (superior cerebellar peduncle) probably collecting some fibres from the red nucleus or its vicinity and crossing the midline within the commissure of Wernekink at that level. From here the fibres descend within the central tegmental tract to enter the inferior olive over a broad front superiorly and laterally (Gautier and Blackwood, 1961; Verhaart and Voogd, 1962; Crosby et al., 1962; Lapresle and BenHamida, 1970) . There is a rich intercommunication between the olives on both sides by means of a mass of crossing fibres which pass through the medial lemniscus (Scheibel and Scheibel, 1955; Crosby et al., 1962) .
Output from the olivary nuclei also varies in many respects from species to species but the major outflow in man is probably to the cerebellar cortex with lesser connections going to the nearby reticular formation and to the spinal cord (Holmes and Stewart, 1908; Crosby et al., 1962) .
From an examination of Fig. I it is evident at the highest medullary level shown that there is some myelin loss laterally in the external arcuate fibres ofthe left olive, though there are no changes of olivary hypertrophy at this level. Likewise, there is pallor in the region between the two olivary nuclei. Similar changes, though more developed, are noted in the mid-section of the medulla in Fig. 2 . Here the hypertrophic changes are quite distinct. The question now arises, what is the cause for the hypertrophic change observed? The most satisfactory explanation is that the central tegmental fibres which entered the left olive by way of the external arcuate bundle were damaged by the ischaemic process in the region, with damage most severe in the lower portion of the medulla. Since tegmental fibres appear to be the most important for maintenance of the olive, a large number of these fibres at the lower level must have been interrupted. It is likely that many decussating fibres were also damaged by the lesion but these must have been of lesser importance to the opposite olive as no changes of hypertrophy or neuronal reaction were noted there. Such regional lesions are thought to be important to the development of hypertrophy as has been pointed out by Aberfeld (1966) .
The cellular alterations in the neurones of the left olive consisting of swelling, chromatolysis, vacuolation, occasional shrinkage, and filamentous hypertrophy are typical and have been described elsewhere (Lhermitte and Trelles, 1933; Gautier and Blackwood, 1961; Horoupian and Wisn ewski, 1971; Sohn and Levine, 1971) . A unique feature illustrated in this case is that hypertrophy of the olive can arise from a local lesion and not by a major lesion rostral to it as is usually the case.
The absence of palatal myoclonus is frustrating but its absence in the presence of known lesions of the central tegmental tract with and without olivary hypertrophy has been noted, though unexplained, by others (Lhermitte and Trelles, 1933; Davison et al., 1936) . From an anatomical point of view this problem is a nagging one and only further experimental work will resolve this enigma.
GRACILE TRACT DEMYELINATION We are at a loss to explain adequately the myelin loss in this tract and nucleus on the right. The high leg amputation accomplished several months before death ablated some sensory output into the ipsilateral gracile tract but, in the absence of either a root or dorsal root ganglion lesion, ascending degeneration would ordinarily not be expected (Norton, 1969) . The changes seen in the tract and nucleus do not resemble those of an infarct or ischaemic lesion, though this latter possibility should be considered. Other changes in the gracile and cuneate nuclei of the caudal medulla include spheroids, mineralized concretions, and gliosis which can be regarded as accompaniments of the aging process as documented by others (Brannon et al., 1967) . The fact that there were no clinical signs of sensory disturbance (touch and position) on the right side in view of some myelin loss in the right inferior medial lemniscus is also curious. This region would have been expected to produce some impairment of these sensory modalities in the right leg (Crosby et al., 1962) due to somatotopic localizations in the medial lemniscus. It is possible that, with the severe peripheral vascular disease present, this relatively subtle change was not appreciated. On the other hand it is possible that the medullary lesion had not yet expanded at the time of the careful neurological examination into that area to cause symptoms or signs. Later on, with the amputation all chances of documenting such a possible deficit were lost with the leg. That subtle sensory deficits can occur in cases of pure motor hemiplegia and be clinically unnoted is described in a recent publication by Chokroverty and Rubino (Chokroverty and Rubino, 1975b 
